Objective Heavily calcified left-main coronary diseases (LMCA) remain a formidable challenge for percutaneous interventions (PCI). This study was to investigate the safety and efficacy of using rotational atherectomy (RA) in treating such lesions in actual practice. Methods From February 2004 to March 2012, all consecutive patients who received RA for heavily-calcified LMCA lesions in our cath lab were enrolled. The relevant clinical and angiographic characteristics at the time of index PCI, as well as the clinical follow-up outcomes, were retrieved and analyzed. Results A total of 34 consecutive patients were recruited with a mean age 77.2 ± 10.2 years. There were 82.4% presented with acute coronary syndrome and 11.8% with cardiogenic shock. Chronic renal disease and diabetes were seen in 64.7% and 52.9%, respectively. Triple-vessel coronary disease was found in 76.5% of them. The mean SYNTAX score was 50 ± 15 and EuroSCORE II scale 5.6 ± 4.8. The angiographic success rate was 100% with a procedural success rate of 91.2%. The mean number of burrs per patient was 1.7 ± 0.5. Crossing-over stenting was used in 64.7%. Most stents were drug-eluting (67.6%). Intra-aortic ballon pump was used in 20.6% of the procedures. Three patients died during hospitalization, all due to presenting cardiogenic shock. No major complication occurred. Among 31 hospital survivors, the major adverse cardiac events (MACE) rate was 16.1%, all due to target lesion revascularization or target vessel revascularization. Conclusions In high-surgical-risk elderly patients, plaque modification with RA in PCI of heavily-calcified LMCA could be safely accomplished with a minimal complication rate and low out-of-hospital MACE.
Introduction


Coronary artery bypass surgery (CABG) has been considered the gold standard for treatment of unprotected left-main coronary disease (LMCA) based on the results of several trials which have shown reductions in mortality. [1] [2] [3] The current guidelines also see CABG as a class I indication for significant unprotected LMCA disease in patients which are eligible for surgery. [4, 5] However, a lot of the elderly patients are associated with multiple co-morbidities and at high surgical risk. Though in the study of Yanagawa et al.
the overall mortality of CABG declined from 6.0% (49/817) in the earliest era (1990) (1991) (1992) (1993) (1994) (1995) (1996) ) to 1.9% (22/1132) in the most recent era (2003-2010; P < 0.001), the mortality rate could be as high as 9.1% with an appreciable morbidity rate of 16.4%. [7] Elderly patients who had prior CABG are also in unfavorable anatomical conditions for repeated bypass surgery. Furthermore, in some countries, religion and traditional thinking usually preclude the patients from open heart surgery. Over the past 10 years, advances in percutaneous intervention (PCI) techniques, devices and operator skills all contributed to the increased numbers of and studies on LMCA PCI. [8] However, limited information is available for clinical outcomes of LMCA PCI in high-risk elderly patients. Furthermore, coronary artery calcification, especially in the LMCA, imposes a big challenge for PCI, in terms of vessel rigidity and device delivery difficulties. Rotational atherectomy (RA), with the ability to differentially ablate calcified and fibrotic plaques, is particularly useful in these lesions. [9, 10] RA has been advocated in the bare metal stent (BMS) era, but is often under-used due to technical difficulty, cumbersome setup and no additional benefit in the reported literature. [11, 12] In recent years, revival of RA use in the drug eluting stent (DES) era in the treatment of complex lesion treatment has been witnessed. However, there have been very limited reports on using RA for LMCA PCI in the literature. The aim of this study was to investigate the safety and clinical efficacy of incorporating RA for plaque debulking during PCI for heavily-calcified LMCA lesions in actual practice.
Methods
Patient population
From February 2004 to March 2012, all consecutive patients who received RA treatment for heavily-calcified LMCA lesions were queried from the cath lab database for all-inclusive recruitment. The relevant clinical and angiographic characteristics at the time of index PCI, as well as the clinical follow-up outcomes, were retrieved from the database, and collected after a thorough review of the medical chart records. This study protocol was approved by the Institutional Review Board for Human Research of our hospital.
Angiographic characterization and measurements
The angiographic measurements were made on a viewing workstation with software for quantitative analysis of angiograms (Medcon/Horizon/TCS, Israel). The angiographic characterization of target lesions in the index coronary angiogram was made by reviewing the session cine thoroughly. The LMCA was defined as any segment of the left main  50% diameter stenosis. The coronary artery disease (CAD) vessel numbers were defined as the number of each of the three major coronary vessels  70% diameter stenosis. Severe coronary artery calcification was defined as readily apparent radio-opacities within the vascular walls in more than one projection on the cine before contrast medium injection. Exact definition of severe calcification was described in the SYNTAX classification. [13] Patients with left main lesions and high Syntax scores were indications for bypass surgery. This was the principle strictly followed at our cath lab. In all of our patients, the merits and demerits of both PCI and CABG were fully explained to both the patients themselves and their families after diagnostic angiograms were completed. The final decision to undertake PCI was made after taking into account the multiple factors and personal preference. Patients who signed the informed consent and subsequently completed PCI with rotablation were retrospectively recruited into this study.
All PCIs were performed by experienced, credentialed operators using standard practice in our cath lab. Patients were pretreated with aspirin and clopidogrel, or a minimum of 300 mg loading dose of clopidogrel was administered if, in rare cases, patients were not pretreated. Calcium channel blocker and nitrate were also prescribed for prevention of coronary artery spasm. Heparin was administered to maintain an activated clotting time (ACT) of > 300 s. The decision to do RA was made at the discretion at the operator if device delivery or full lesion dilatation was deemed impossible by the heavy coronary artery calcification at the beginning of the procedure. A 0.009-inch floppy RotaWire TM was advanced by the wire exchanging technique through a microcatheter or over-the-wire balloon. RA was carried out using the Rotablator TM RA system (Boston Scientific Corporation), starting with a 1.25 mm or 1.5 mm burr at a speed of 180,000-200,000 r/min and mostly supplemented by another burr one size larger ( Figure 1 ). Each advance time was not longer than 30 s. Normal saline with heparin and isosorbide dinitrate was infused during the atherectomy. RA of one or both major branches of LM was made at the discretion of the operators. If RA of both major branches was needed, usually the vessel with more critical lesions was treated first. After the blood flow in the first treated vessel was secured, rotawiring of the another branch was made and no regular wire was left in the treated vessel. After the rotablation, both major branches were rewired with usual wires and the procedure then proceeded with balloon dilatation with, or without, stent implantation to achieve optimal angiographic results with minimal residual stenosis. The use of DES or BMS was determined by patient option (affordability), physician discretion or other co-morbidities (impending non-cardiac surgery, drug compliance to dual antiplatelets or drug allergy). Use of glycoprotein 2b3a antagonist, intra-aortic ballon pump (IABP) or intravascular ultrasound (IVUS) were at the discretion of the operator as indicated by the clinical requirements. Patients with cardiogenic shock were managed with standard practice, including IABP support, intravenous inotropes and pulmonary capillary wedge pressure monitoring. Emergent coronary angiography and revascularization were intended for every patient to achieve re-opening of the culprit vessel with grade III Thrombolysis In Myocardial Infarction (TIMI 3) flow as fast as possible. Angiographic success was defined as achievement of a residual stenosis < 20% in the presence of TIMI 3 flow. Procedural success was defined as achieving angiographic http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology success without in-hospital major adverse cardiac events (MACE), including all-cause death, myocardial infarction (MI), and repeat revascularization. Clinical success was defined as successfully discharged without in-hospital complications. MI was defined according to current guidelines. [14] Target lesion revascularization (TLR) was defined as a repeat revascularization for a restenosis > 50% in the target segment. Target vessel revascularization (TVR) was defined as any repeat revascularization within the treated vessel. Indication for repeat revascularization was based on the clinical criteria. Cardiac biomarkers including creatine kinase (CK), creatine kinase-MB (CK-MB), and Troponin-I were routinely measured in patients after the procedure. Myonecrosis was defined as exceeding three times the level of CK-MB or Troponin-I compared to the baseline value. Clinical follow-up was carried out through reviews of medical records, or telephone contact.
Statistical analysis
Descriptive analyses were used and made in this study. Continuous variables were reported as mean ± SD. Categorical variables were presented as frequencies with percentage.
Results
During the study period, a total of 34 patients met the all-inclusion criterion and were recruited into this study for retrospective analysis. The baseline patient characteristics are presented in Table 1 rate of the cohort according to the EuroSCORE II scale was 5.6 ± 4.8%. The LMCA lesion characteristics are presented in Table 2 . The LMCA bifurcation lesions involved the ostia of both left anterior descending (LAD) and left cirrumflex (LCX) coronary artery in twelve (35.3%) patients. Thirty-one (91.2%) lesions were eccentric, and three (8.8%) had thrombus. The angiographic success rate was 100% with rota burrs delivered to the target lesions in all of these patients, and there was no major procedural complication. The overall procedural characteristics of our patients are presented in Table 3 . The average number of burrs used per patient was 1.7 ± 0.5 and the final burr size 1.6 ± 0.2 mm. Three (8.8%) patients underwent RA PCI without stenting. Regarding the LM stenting strategy, twenty-two (64.7%) were crossing-over, four (11.8%) simultaneous kissing or V, two (5.9%) culotte and one (2.9%) crushing. T-/Y-stenting technique was done in 2 (5.9%). Final kissing balloon dilatation was done in ten (29.4%). DES was used in twenty-three (67.6%) of these patients and BMS in eight (23.5%). Seven patients (20.6%) underwent intra-aortic balloon pump (IABP)-assisted procedures due to cardiogenic shock, or intractable ventricular tachycardia.
The angiographic data are presented in Table 4 . The baseline and post-PCI diameter stenoses of LMCA rate were 70% ± 7% and 18% ± 5%, respectively. The post-PCI coronary flow was TIMI 3 flow in all patients.
http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology The in-hospital and out-of-hospital follow-up outcomes are shown in Table 5 . The interventional procedure success rate was 91.2% as three patients died during hospitalization, whom all presenting with cardiogenic shock complicating extensive anterior wall STEMI on hospitalization. The average age for these succumbed patients was 82 ± 1 years (range 81-83 years) and all had triple vessel disease. One of them received RA plus BMS for LM-LAD, one RA plus DES for LM-LAD and the other culotte DES for LM bifurcation lesion. Besides these three cardiac deaths, there was one asymptomatic myonecrosis and one acute limb ischemia which may be ascribed to IABP use. There was no Q-wave MI, emergent CABG, repeated PCI, or cardiac tamponade during hospitalization. The incidence of out-ofhospital MACE at a mean follow-up of 30.4 months (range 2-99 months) was 16.1%. Among thirty-one out-of-hospital follow-up patients, 12 patients (38.7%) received coronary angiographic follow-up. TLR was needed in three (9.7%) and TVR in two (6.4%) patients. All were successfully re-opened by PCI and no CABG was needed. No coronary aneurysm was found in the stented segment. 
Discussion
In summary, we found in this study that PCI incorporating RA for heavily calcified LMCA lesions could be safely Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com carried out with minimal complication rates in high risk elderly patients, and this procedure was associated with very favorable angiographic and clinical outcomes in actual practice.
In recent years, more and more data demonstrate the safety and feasibility of PCI in unprotected LMCA disease. [15, 16] Though the major adverse cardiovascular events of PCI seemed to be comparable to that of CABG in unprotected LMCA disease of low or intermediate SYNTAX scores, PCI was associated with more serious adverse events in patients with a high SYNTAX score, [17] and it had a significantly higher TVR risk in a meta-analysis. [18] Though in the current PCI guidelines, CABG remains the class I indication for unprotected LMCA disease, increasingly favorable PCI clinical results underscore the fact that PCI for unprotected left main has been upgraded to a class IIa or IIb alternative to CABG in anatomically suitable patients and those with high surgical risks. [19, 20] In the actual practice, religious thinking and local traditions usually prevent elderly patients with complex LM lesions from undergoing open heart surgery. On the other hand, well-performed PCI was associated with short procedure time, short duration of hospitalization, and faster recovery, which are very important in high risk patients, whereas bypass surgery in elderly patients with multiple co-morbidities could be associated with very high surgical risk. [21, 22] Furthermore, repeat bypass surgery for patients with previous CABG is usually complicated by lack of proper arterial conduits if those were used in previous surgery and higher peri-operative morbidity and mortality, [23] for which the independent risk factors included unstable angina, poor preoperative left ventricular function, renal insufficiency, insulin dependent diabetes and an interval shorter than one year of the initial operation. [24] Most of the previously-operated elderly patients have more than one of the above independent risk factors. Therefore, PCI for LMCA lesions is often performed on patients with graft occlusion after CABG despite complex coronary anatomies. [25] Sometimes, PCI is the "only," or at least, the "more favorable" choice of revascularization in morbid elderly patients who could hardly tolerate repeated bypass surgery.
On the other hand, LMCA PCI has inherent risks and challenges. The difficulties in LMCA PCI include the variations in main vessel and side branch vessel size, lesion location, involvement of distal bifurcation, differences in bifurcation angle, vessel calcifications, extent of other vessel involvement and occlusion of contra-lateral arteries. [26] Regarding vessel calcification, coronary artery calcification is an active and complex process that involves numerous mechanisms responsible for calcium depositions in arterial walls which progresses with ages. [27, 28] Though the extent of coronary artery calcification was not strongly associated with age before the ninth decade, [29] it is not unusual that heavily calcified coronary lesions occurred in the elderly patient group. Up to date, there is no effective medical therapy that can reverse the calcium deposits in the coronary vessels. Very tight calcified LMCA lesions may resist dilation at low balloon inflation pressures, or even rupture at the highest possible pressure. Stent delivery through calcified lesions may also be difficult and stent expansion may be suboptimal due to high resistance of the calcified plaques. RA is particularly useful in these situations. The revival of RA in DES era, particularly in very complex heavily-calcified lesions, [30, 31] underscores the importance the plaque modifications before DES could be successfully delivered, precisely placed and deployed to exert the expected effects. Though RA is an effective and reasonably-priced debulking modality in the cath lab, it is cumbersome to set up, more difficult to use, especially for distal lesions, and more prone to complications if not adequately prepared or performed. Acute no flow, severe vessel dissection with impending acute closure, atheroembolism and transient profound hypotension are the most frequently encountered risks in rotablation. [32] Most of these are also difficult to deal with in the middle of intervening complex lesions in high risk patients. Vessel perforation and entrapment of rotablator burr are less frequently met complications, but are also difficult to manage. [33, 34] These are the reasons why rotablation are formidable to a lot of coronary interventionists. It is very important to prevent these events in advance while handling them adequately once they occur. On the other hand, thrombus-laden vessels, vessels with existing advanced dissections, last remaining vessels and saphenous venous grafts are traditionally considered contraindications to rotablation therapy. [35, 36] Therefore, RA is usually underused, even in the DES era. [37] These limitations were also present in our cath labs, in which rotablation was only used in 2.4% of all PCI cases. No insurance reimbursement is probably the major cause of under-use of this device in this region and probably many others. In the current study, RA for LMCA lesions was mostly done in patients with high clinical risks, including ACS, depressed LV function, cardiogenic shock, chronic renal insufficiency, old age and diabetes, and in very complex coronary lesions which were heavily calcified. A significant part of patients were previously PCI-or CABG-treated and many patients had triple coronary disease and true LM bifurcation lesions. The average Syntax score was high. Despite these unfavorable risks and settings, RA was successfully performed and LMCA PCI completed with very good angiographic docu-http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology mented success rates in these patients, and no complications noted. Though under-use, less familiarity, and resorting to RA only in heavily calcified complex lesions may increase the complication rate and decrease the angiographic and clinical outcomes, particularly in high risk patients, this, however, was not the case in our cath lab. In general, DES was recommended for LM stenting, absolutely so in situations where two-stent techniques were needed. Once the DES is delivered and deployed after adequate debulking, good results could be anticipated. [30] In this study, a major proportion of patients were treated with DES, but a minor proportion treated with BMS. This was made at the discretion of the operators, taking into consideration of patient affordability. A small number of lesions in the current study was not stented, as full expansion and TIMI 3 final blood flow had been achieved after RA and balloon angioplasty of these lesions without any dissection. Regarding the stenting strategy for distal LMCA lesions, it is determined by multiple anatomical and angiographic factors. [38] Though crossing-over technique was most often used and associated with better outcomes, [39, 40] the two-stent strategy was mandatory in certain anatomies. [41, 42] In the current study, a quarter of our patients were treated by the two-stent technique. This was compatible with universal practice as published in the literature. Despite the complexity of our treated lesions, the angiographic success rate was 100%, which could be due to more complete lesion modification by more than one burr usage per lesion (1.7 ± 0.4). Though there were three (8.8%) in-hospital deaths in our patients, none were procedure-related and all were caused by underlying extensive myocardial infarction with cardiogenic shock. Use of IABP in a considerable proportion of our procedures may argument for the high risk nature of our patients on one hand, and may account for the very high procedure success and no major complication in this group on the other hand. IABP provides temporary circulatory support during the transient cease of blood flow while intervening major epicedial coronary vessels like the left main stem. It might be especially useful in intervening left main lesions with very invasive devices like rotablation, particularly when complicated by acute no flow, profound hypotension and severe vessel dissection. However, in our cath lab, these adverse events were very low with our refined rotablation practice of giving optimal premedications (oral dual antiplatelets, calcium channel blockers, nitrates) before admission, large dose intra-coronary nitrate prior to initiating rotation and familiarity with this device (quick procedure, use of two burr sizes in most cases). These are the reasons why IABP use was limited to certain high risk, but not most of patients. The clinical follow-up MACE in patients who could be successfully discharged from hospital was 16.1%, quite similar to that in another study of ours looking at RA followed by DES implantation in calcified coronary artery diseases, and to those in published studies. [43, 44] It is interesting to notice that half of our patients were octogenarians or nonagenarians. These groups of patients were conventionally deemed inoperable. Dahdouh, et al. [45] reported 85.7% of LMCA lesions had moderate to severe calcification in the octogenarians. This finding suggests that increased numbers of extremely calcified lesions needed to be treated percutaneously, and this high demand dictates the incorporation of RA in PCI. There were some limitations in our study. Firstly, the sample size in this single-center, observational study was relatively small. Because of the insurance reimbursement issue in our clinical practice, we had to limit RA to patients with very unfavorable angiographic characteristics which otherwise would preclude successful PCI treatment if without proper debulking. Despite this, use of RA in LMCA PCI in high risk elderly patients was quite promising and rewarding in our hands. Secondly, IVUS was used in only a very small portion of our patients. Though IVUS guidance during DES implantation could reduce both DES thrombosis and the need for repeat revascularization, [46] it was also underused due to no insurance coverage in our lab. Even given this, the risk of stent thrombosis was negligible and TLR/TVR was not high in our high risk elderly patients. Thirdly, there was no routine angiographic follow-up in our patients. However, clinical driven angiographic follow-up is a more reasonable approach and commonly accepted worldwide. Our practice was consistent with that approach.
Conclusions
In conclusion, plaque modification with RA to facilitate subsequent interventional procedures in very complex heavily-calcified LMCA lesions could be safely accomplished with a very low complication rate. This appears clinically rewarding with good angiographic results and a low follow-up MACE rate in high-surgical-risk elderly patients. The high procedural success rate, low TLR and very promising cumulative MACE rate convince us to sustain, and even broaden, the use of this novel, but underused, device in suitable patients.
